Microtubule dynamics in the spindle. II. A thermodynamic and kinetic description.
We have previously presented a model for the assembly and disassembly of mitotic spindle microtubules (MTs) (Pickett-Heaps et al., 1986). In this paper, we describe the thermodynamics of such spindle MT assembly and present equations to describe the polymerization kinetics of different classes of spindle MTs. These equations are used to predict, in terms of kinetics parameters, the magnitude of forces extant on spindle MTs and to define the critical force needed to halt MT assembly. We calculate several of these forces for a hypothetical model cell; our predicted value for the force generated along kinetochore fibers is in close agreement with measured values taken from living cells. The model and its implications are discussed with reference to other recent models of spindle and MT dynamics.